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Most comprehensive probe of upper IMF
Schneider+ w/dM,Science 2018
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(Mild) Excess of Massive Stars

30 +/- 10% more stars >30 M., than expected
Flatter IMF but consistent with Salpeter:
a=1.9 +0'37,—0.26 (aSaIpeter = 2.35)

Fabian
Schneider




Runaway Stars
Lennon+2018, Renzo+2018b, Sana+prep

“Monster Stars” > 100 - 250 M,
e.g Crowther+ w/dM 2015

Binaries binaries binaries!
Sana+2013, Almeida+2016

Spinning stars
Dufton+w/dM+11,13, Ramirez-agudelo++w/dM13,15




Stars > 100
Msun?

)
3

(=}
8

-
n
[
=11}
S
[ Y
S
-
—
(2]
[+}
£
3
(%]
=
Q
%]
(o]

Rejuvenated
stars in
binaries?

< "‘é‘

X-ray

DA B AL B ..
binaries

Bolometric .

Winds
Supernovae type Il j

Trends with
metallicity?

2=2,

Effects of
rotation

Stripped
stars in
binaries?

Walkaway /
runaways




Part |




This is not exotic

cf. Abt+78, Kobulnicky+Fryer07, Mason+09,
Chini+12, Sana,SdM+12, Sana,deKoter,SdM+13, Kobulnicky+14,
Dunstall+w/SdM15, Moe+16, Almeida+w/SdM17, ... Moe+18




Evolution of a single star

MESA (Paxton+11,13,15): M, =15 M,
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Evolution of a very typical donor star

He Giant

M;=15M, q (0.8 Orbital Period: 10 d

Gotberg et al. (2017),
Laplace et al. (in prep)
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Animation of the life of a typical massive Star
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Animation: ESO: Calcada/Kornmesser/de Mink
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Applications / Implications

1. lonizing photons

Gotberg et al. 2017, 2018 & to be subm. th',‘o’zrg

Zapartas et al. 2017, 2018 & to be subm e
Manos
Zapartas

Renzo et al. 20183, b



Gotberg, de Mink & Groh (2017)
GoOtberg et al. (2018)
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Gotberg, dM, Leitherer et al. (to be subm.)
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Gotberg, dM et al. (to be subm.)
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Gotberg, dM, Leitherer et al. (to be subm.)
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Gotberg, dM, Leitherer et al. (to be subm.)
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Gotberg, dM, Leitherer et al. (to be subm.)
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Gotberg, dM, Leitherer et al. (to be subm.)
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Applications / Implications

Ylva
Gotberg
Gotberg et al. 2017, 2018 & to be subm.

2. Late Supernovae
Zapartas et al. 2017, 2018 & to be subm

Renzo et al. 20183, b



. When?

Delay time distribution:

First Last
ERIYE massive
star dies star dies:
~3 Myr ~ 48 Myr

“Supernova rate”

Manos
Zapartas

S "0, RV Time after starburst



Result for single stars

Zapartas & de Mink et al. (2017,8)

E= singles

Last
massive
star dies:
~ 48 Myr

First
ERIYE
star dies
~3 Myr

Number of SNe per unit mass per bin

“Supernova rate”
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Including binaries

Compare with work by Vanbeveren+.and Eldridge+ Zapartas & de Mink et al. (2017,8)
Simulations with Rob Izzard’s Binary _c code

le—4

I E= singles
B singles + binaries

w &

N

“Supernova rate”

Number of SNe per unit mass per bin

=

Manos .
Zapartas 1 2 5 10 20 50 100 200 500 1000

Time after starburst




Including binaries

cf. Vanbeveren+.and Eldridge+ Zapartas & de Mink et al. (2017, 8)
Simulations with Rob Izzard’s Binary _c code

1. More supernovae: up to ~30%

le—4

Example

5

N

“Late” core collapse Supernovae:
50 — 200 Myr 10 — 30%
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Applications / Implications

Gotberg et al. 2017, 2018 & to be subm. th',‘o’zrg

Zapartas et al. 2017, 2018 & to be subm

3. Walkaways & Runaways

Renzo et al. 20183, b
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Conclusions
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How complete is this picture?

Stars > 100
Msun?
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